The crystal structure of a novel, latent dihydroorotase from Aquifex aeolicus at 1.7A resolution.
Dihydroorotases (EC 3.5.2.3) catalyze the reversible cyclization of carbamoyl aspartate to form dihydroorotate in de novo pyrimidine biosynthesis. The X-ray structures of Aquifex aeolicus dihydroorotase in two space groups, C222(1) and C2, were determined at a resolution of 1.7A. These are the first structures of a type I dihydroorotase, a class of molecules that includes the dihydroorotase domain of mammalian CAD. The type I enzymes are more ancient and larger, at 45 kDa, than the type II enzymes exemplified by the 38 kDa Escherichia coli dihydroorotase. Both dihydroorotases are members of the metallo-dependent hydrolase superfamily, whose members have a distorted "TIM barrel" domain containing the active site. However, A.aeolicus dihydroorotase has a second, composite domain, which the E.coli enzyme lacks and has only one of the two zinc atoms present in the E.coli enzyme. A.aeolicus dihydroorotase is unique in exhibiting significant activity only when complexed with aspartate transcarbamoylase, whereas the E.coli dihydroorotase and the CAD dihydroorotase domain are active as free proteins. The latency of A.aeolicus dihydroorotase can be related to two differences between its structure and that of E.coli dihydroorotase: (1) the monoclinic structure has a novel cysteine ligand to the zinc that blocks the active site and possibly functions as a "cysteine switch"; and (2) active site residues that bind the substrate in E.coli dihydroorotase are located in disordered loops in both crystal structures of A.aeolicus dihydroorotase and may function as a disorder-to-order "entropy switch".